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Overview

= Newer Capabilities in HEC-HMS Version 4.2

» Monte Carlo Simulation

» Computational Efficiencies
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= Capabilities Under Development for HEC-HMS
\VVersion 4.3 and Bevond
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GIS Tools for Subbasin and Stream Delineation
Markov Chain Monte Carlo Optimization/Simulation

Variable Unit Hydrograph and Routing Options
Two-Dimensional Flow and Sediment
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HEC-HMS Development Team

= Bill Scharffenberg - Lead developer and project lead

» Mike Bartles - Technical support, testing, and applications
*» Tom Brauer - Technical support and software development
» Alex Sanchez - Software Development

= Matt Fleming - Technical support and testing

» HEC-HMS Functionality within CWMS/HEC-RTS
» Fauwaz Hanbali, Bill Charley, and Tom Evans
» Contractors

v Dol Elv and Brian MaACAarmicls
B irau oy and ohfian vicuormice

= USACE Collaborators
» Elke Ochs and Brian Skahill
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HEC-HMS Webpage

= http://www.hec.usace.army.mil
Isoftware/hec-hms/

Hydrologic Engineering Center

=  Download software
= Download manuals

» User's Manual
» Technical Reference Manual
» Application Guide
» Quick Start Guide
» Validation Guide
= Submit bug reports

= Upcoming training
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= HEC-HMS Version 4.1
» Production release until 24 Aug

2016.

Completed Products

2016 HEC-HMS 4.1 Product Downloads

Tech Ref Manual .

» First release of the uncertainty """
analysis with classical Monte User's Manual
Carlo sampling.
- Quick Start Guide
» Product downioads are shown for ;
FY16 year-to-date. Release Notes
L HEC-HMS VerSion 4.2 Software Package
» Released on 25 Aug 2016. 0
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Available Training Classes

= Hydrologic Modeling with HEC-HMS
= Advanced Applications of HEC-HMS
= H&H for Dam Safety Studies
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HEC-HMS Program Scope

= Designed to simulate watershed hydrology.
» Surface water modeling.
» From meteorology to watershed outlet.

= Tool kit of options.
» Generalized modeling.
» Mathematical model choices.
» Analysis tools.
= Graphical user interface
» Map of the watershed.
» Point-and-click for entering and updating data.
» Graph and table displays of simulation results.

sl
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The program is designed for surface water hydrology simulation. It includes components
for representing precipitation, evaporation, and snowmelt; the atmospheric conditions
over a watershed. It includes infiltration, surface runoff, and baseflow over the land
surface. It includes stream flow with possible percolation losses below the channel.
Basically it includes all of the different components of the hydrologic cycle.

The program can be adapted to fit almost any watershed; it is not limited to just one
custom watershed or a certain class of watersheds. For each component of the hydrologic
cycle, we provide multiple choices. Some of those choices are better suited to different
types of watersheds. The job of the user is to select the best choices for their watershed,
and then enter the appropriate parameter values. The values will be things like areas, river
lengths, soil properties, etc. These parameters adapt the model to represent a particular
watershed. The program does the hard part of matching all the selections by the user
together into a single, comprehensive model of the watershed. It also does the tedious
work of solving the differential equations behind each selection in order to compute
results. It then provides analysis tools, such as statistical summaries to better understand
the results.

All of the capabilities of the program are controlled by a nice graphical interface that we
think is pretty easy to use. The watershed is represented with a map that shows all of the
modeling components plus background maps for spatial orientation. Clicking on any item
in the program immediately shows the parameter data for it so it can be edited. Plenty of
graphs and tables are provided for visualizing results in helpful ways.



HEC-HMS Project

Container for main components.
» Basin model.
» Meteorologic model.
» Control specifications.
Also holds additional components.
» Time-series gages.
» Paired data functions.
» Grid data sets.
Provides analysis tools.
» Parameter estimation using optimization theory.
» Depth-area analysis for frequency storm.

Subdirectory name |
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Basin models, meteorological models, and control specifications are all main components
used in simulation runs. The primary time-series gages are precipitation and discharge;
others used less often include temperature and solar radiation. A paired data function is
simply a relationship between a dependent and independent variable; for example,
storage-discharge curves or rating curves. Also included in paired data are cross sections
and annual patterns. Annual patterns are used for some special parameters that change
value during the year, but use the same pattern for every year. Grid data can be boundary
conditions like precipitation with a separate grid for each time interval in a time window, or
they can be parameters like hydraulic conductivity.

Analysis tools are things that provide added value to simulations. That is, they start from a
simple simulation run and then do additional processing. We will be adding more analysis
tools in future versions of the program.

A project is stored in a directory on the file system. It can be created anywhere the user
has permission to read and write, whether on the local computer or on a network share.
When transferring a project the entire directory and its subdirectories should be sent.



Program Layout
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This is the new interface first introduced with Version 3.0.0 in December 2005. Clicking on
an item in the Watershed Explorer will load that editor in the bottom left Component
Editor area, and if possible highlight it in the basin map (for hydrologic elements only). The
Desktop area holds the basin map, global editors, and results. Any messages that are
generated are scrolled continuously in the Message Log area.

The first tab (Components) of the Watershed explorer holds all of the different types of
data in a project. The second tab (Compute) holds simulation items including simulation
runs, optimization trials, and depth-area analyses. The third tab (Results) provides access
to any time-series or summary result produced by all simulation items.



Data Management

» Configuration data and parameters.
» Files within the project directory.
» Automatically created, saved, loaded, etc.

» Data Storage System HEC-DSS.

» Time-series and paired data can be manually entered or
retrieved from external files.

» Grid data can only be retrieved from external files.
» All time-series results computed during a simulation are stored.

= Automatic data handling.
» Units conversion.
» Interpolation or accumulation.

sl
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Data files are automatically added to the project directory as the user creates components
and saves them. For example, there is a separate file for each basin model, meteorological
model, and control specifications. There is one file that holds all of the time-series gage
information, one file that holds all of the paired data information, and one that holds all of
the grid data information. Additional files are added to the project directory for other
features as well. The user never needs to look in this files and should not edit the content.

DSS is central to the operation of HMS, but users do not need to be "experts" in DSS by any
means. Any time-series or paired data entered manually by the user is internally stored in
a special DSS file in the project directory. Edits made by the user are automatically updated
in the DSS file. Gage and paired data can also be retrieved from DSS by specifying a file and
selecting a pathname. Because grid data is so comple, it cannot be entered manually but
must be retrieved from a DSS file. All time-series results during a simulation are stored in a
DSS file and this is also how the program passes data internally. The results stored here can
be used with other HEC products. Information in the User's Manual chapter 4 and
appendix A explains the convention for pathnames.

Basin and meteorological models can be switched between U.S. customary and metric
units. When switched, all parameter data is automatically converted between unit
systems. Gages, paired data, and grid data each have their own unit system that can be
what ever is most convenient. If a gage uses metric units but a basin model uses U.S.
customary units, then a conversion happens automatically. Gage data is automatically
interpolated if the simulation time interval is less than the data interval. Accumulation also
happens automatically is gage data is at a shorter time interval than the simulation interval.
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Main Components

= Basin model gives the physical description of the watershed.
» Subbasin: watershed catchments where rain falls.
Reach: rivers and streams.
Reservoir: dams and lakes.
Junction: confluence.
Diversion: bifurcations and withdrawals.
Source:; outflow from another model or springs.
Sink: outlets and terminal lakes.
= Meteorologic model describes atmospheric conditions over the watershed
land surface.
» Shortwave and longwave radiation.
» Precipitation.
» Potential evapotranspiration.
» Snowmelt.

= Control specifications: Time control during a simulation run.

E3
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The basin model is where users spend most of their time. This is where the stream network is defined. Subbasins are the
only elements that receive precipitation and other meteorological inputs. The are broken into segments for infiltration
(loss rate), surface runoff (transform), and subsurface return flow (baseflow). Reaches represent the movement of water
in an open channel. Reservoirs can be used for either natural lakes or man-made dams; anything that impounds water.
Junctions are a convenient way to show where multiple streams come together. Diversions are used lateral weirs, pumps
stations, or other places were water is removed from the stream; diverted water can be connected back into the stream
network at a downstream location. Sources are usually used as upstream boundary conditions when it is inconvenient to
include the entire watershed in the basin model. Sinks are just a formal way of terminating a stream network; they are
helpful when a basin model needs to contain more than one outlet perhaps because of multiple adjacent watersheds
included in the same basin model.

The meteorological model handles all of the atmospheric conditions over the watershed. Precipitation is always required
if there is a subbasin, but the other meteorological model elements are optional. Potential evapotranspiration is the
upper limit on plant water use based only on atmospheric conditions. Elements within the basin model will use the
potential evapotranspiration and then compute actual evapotranspiration based on available water in the soil and
possibly other factors. When used, the snowmelt module takes the computed precipitation and determines if it fell in a
liquid (rain) or frozen (snow) state. It then tracks the accumulation and melt of the snowpack.

Control specifications are lightweight components. They include the beginning date and time of a simulation, the ending
date and time, and the time interval for calculations. Most model elements compute at the time interval specified in the
control specifications. However, some elements use adaptive time stepping and may run as short as 1 second intervals.
These special elements only record results at the specified time interval.

11



Basin Map

&3 Basin Model [Aquilla Lakes]
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The basin map is used to visualize a basin model component. A variety of background map
formats can be used including shape files, DXF, and aerial photos. The use of maps is
always optional but can be helpful in gaining a spatial perspective to the watershed.
Clicking on an element icon with the mouse will highlight it in the Watershed Explorer and
display its data in the Component Editor. Only one basin model can be open at a time. You

must click on the basin model in the Watershed Explorer for the map to open.
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Overview
Newer Capabilities in HEC-HMS Version 4.2

» Monte Carlo Simulation

» Computational Efficiencies

» Flood Forecasting Tools

Capabilities Under Development for HEC-HMS

Version 4.3 and Beyond
GIS Tools for Subbasin and Stream Delineation
Markov Chain Monte Carlo Optimization/Simulation
Variable Unit Hydrograph and Routing Options
Two-Dimensional Flow and Sediment
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Newer Features Available in
HEC-HMS version 4.2

= List of Compute types: wmmmiem o

> S i m u |at|0n Run Create Compute L Sim.ula.tioh Run,...
" : Optimization Trial...

i Vbl er bl m Tutal 0 Simulation Run Manager I - )
» \JPLI Iiatuuill iiiail X6 | Optirization Trial Manager ;orec:s: RKIMI:_E“‘

. o : epth-Area Analysis...
[ Forecast Aiternative {lL Forecast Alternative Manager ey At

A ¥4 Depth-Area Analysis Manager
» Denth-Area Analvusis W i Ak A -
b LOpU-AITa Alalysis XL Uncertainty Analysis Manages
1 H Multiple C ute...

» Uncertainty Analysis  MteieCompue
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Hydrologic Modeling Uncertainty

» The Corps of Engineers has a goal of improving transparency of
uncertainty in Hydrologic Models.

= Boundary condition uncertainty.

» Sources of inflow to the watershed.
= |nitial condition uncertainty.

» Soil moisture, channei basefiow, reservoir pooi eievation, and other
variables at the start of the simulation.

= Model uncertainty.

» Selecting the correct representation of the hydrologic processes that
includes relevant details.

» Parameter uncertainty.
» ldentifying the correct values for the parameters in each process

representation.
:

(D) 15 BUILDING STRONG,,

o

Modeling frameworks are needed that can capture knowledge uncertainty and natural
variability uncertainty.
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Monte Carlo Technique

= A traditional hydrologic model is deterministic. Given a set of
parameters, it will always compute the same result because it does
not include randomness.

= HEC-HMS Version 4.2 contains a new Uncertainty Analysis
simulation tyne which uses Monte Carlo sampling of madel
parameters.
Assume we can describe the uncertainty in each parameter using a

nrohabhility distribution function
probaphity gistrioution function.

Use a pseudo-random number generator to sample a random value
for each parameter.

Compute the modei with sampie parameter vaiues and store the
important results. Assume each sample is equally likely.

After a sufficient number of samples, use statistics to estimate key

output variables with uncertainty.
frsll
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HEC-HMS Uncertainty
Analysis

» |tis a good idea to first create a e
simulation run and test it. Remember Name: PHF Soils
that parameter sampling may generate Descripton: =
Y L L DSS File: |C:\Users\aOhecwas\Documents\Pre| (=5

1

much iarger and iower fiows than during .

“Basin Model: Calbrated Model - @
the test. *Meteorologic Model: 1966 event v
= The Uncertainty Analysis combines a “Start Date (GAMMMYYYY) |04Dec1966
basin modei and meteoroiogicai model. L PR e 0100
. *End Date (ddMMMYYYY) | 08Dec1966
= Enter start and end time, and choose a e T i looon
time interval. “Time Interval: |15 Minutes -
= Enter the total number of samples for the G

Monte Carlo simulation.

s

3
A
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Selecting Distribution

Parameters

= Most parameters in the basin model can
be selected for analysis:

44, Uncertainty Analysis| Parameter 1

limits. Consider these limits carefully
because they lead to distribution clipping.

» Canopy, surface, loss r_ate, transfo_rm, Mame: PMFSolls Surface
baseflow, channel routing, reservoir structures. = gament: e creek =
» Empirical — SCS curve number. P | Clark Unit Hydrograph - Tme of C =
» Conceptual — storage coefficient. "Method: | Simple Distribution =
» Spatial variability — canopy storage. Distribution: | Gamma -
» Scaiing — hydraulic conductivity. RS 10
» Knowledge — culvert coefficients. e
» Initial conditions — initial soil moisture. i
B e e e LT =y T “Shape: 8.0
= OUptionaily, add minimum and maximum sscale: [3.0

L]
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= Choose a distribution function and
enter different parameters for each
month. For example, a normal
distribution with different mean and
standard deviation for each month.

= The start time determines which
parameters will be used.

= Parameters do not change during
the rest of the simulation.

= The best use is for initial conditions
that are strongly correlated with
season.

= This option supports integration of
HEC-HMS into a HEC-WAT FRA

| 4, Uncertanty snabvms | Parameter 1
Rame: 2004 uncertamty
Bement: Sayers Dam
Parameter: Qutficns Curve - Il Bevation
“Method: Moty Datrtuton
Dustribuion: | Triengular
Mrsrm: 600
“Sammu 635

Menith | Lower

609.26

609,34

62914
s
841
e
1041

530,

Monthly Distributions

404

.4 63098
9.5 0.1
5.0 659
e &7
.48 £2.90
€837 6296
2a47] 627.20

L]

h simulation where the event date is
sampled.

2
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Regression Plus Additive
Error

Choose an independent parameter
that has already been selected.
Enter the intercept and slope for the
relationship to the independent
parameter.

Select a distribution function for the
epsilon error term and enter
parameiers.

Independent parameter is sampled
first and then the regression
reiationship is appiied with error term
to compute value for this parameter.
Useful option for grouping multiple

1

y=1.8x

5 B
*
\./(-
»
* -‘.
* +
Xy
[

2%

\

TC- Time of Concentration (hrs)
*
L )
.

a 1 ] a 1 &

R-Storage Coefficient (hrs)

I, Uncerianty Anaiyss | Parameter 1
Rame: Anahvsis Aprd 1954
emerit; Maharing Crosk Local
armeter: Invtal and Conatant - Corstant Rate
Mo Regresmon WM ASIbve Erir
"R Eement £ B Mahorng Creek
S P arter: It anf Cormaant - Constant Rate
egesson Unew
“Sop |1
ot 0

Dwrbuson: tormal -
e o
“Sgra 0.2

L]
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HEC-HMS Uncertainty

Analysis

Model output is only saved at user

series records.

Output results from HEC-HMS
include:
» Sampled parameter values
» Time-series (mean, + 1 Std Dev, and
min/max) for selected locations
» Summary information (peak flow per
event)

Time-series data for each

e ek e

realization is stored in the
simulation DSS file.

Additional result plots will be
available in future versions.

ST —

. T . % Ju Smulation Runs
selected elements, individual time-| .

. Success Dam

J, Optimization Trials

-4, Uncertainty2b_Avg
[T Parameter 1
[ Parameter 2
Parameter 3
Parameter 4
Parameter 5
Parameter &
Parameter 7
Farameier &
Parameter 10
Parameter 11
Parameter 12
Parameter 13

HE0aAaHaaaaa

M oaramater 12
Paramater 1

it of A S 7, 6380 B o 1
v of draiyems O EIT), (295 Mewarsage Modet Cagrivn
L} Comeate Teme: DATA e
g P Parameter

Time-series avalshle for detaded analyss

Bements Time -Seres
el I ~| Iouthow
RN of MF Tule 10 sod Infitration
5F of MF Tule Excess Precpitaton
MF Tule River Cumuistrve Excess Preapitaton
R_MF Tue Precpitaton Loss
Conf NF and 5F Tule Cimederos Braspeaien Lase
Juncion NF and 5 Tule Derect Runaff
R_Tue 10 Basefiow
Tule 30
Tule Rover abv Suxcess ¥
R_Tule 20
SF Tule b Success
R_SF Tuke

Tule 20

e s R

ractomys  Uncerlarty et Curent Astve
et fubtamr- | Pty Sryer Lt ey - Py Comfoet
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Parameter Uncertainty Example

An analysis can be quickly configured
to better understand the influence of

uncertainty from individual parameters
on the computed hydrograph.
Separate uncertainty analyses were
developed where each one evaluated
a specific model parameter: |nitial
Loss, Initial Baseflow, and the
Constant Loss Rate.

The uncertainty distribution
parameters were “estimated” from
madel calibration events.

The figure on this slide shows a MC

simulation of a hypothetical flood with
uncertainty in all three parameters.

Je
N
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Parameter Uncertainty Example

Constant Loss
Rate Uncertainty

12040 D000 1200 OO

Initial Loss Uncertainty 2
20,000
18,0001 150
16,000
14,0001 N
12,0001
£ 10,0001 5000
E ol
s B 000
0001
o0d 70,000 K AI
2,000 !
.:.:«1- 00 1200 7 | e
01Jan1997
;‘ 10,000 \ ;

|

Initial Baseflow Unce

03Jan 1867 1

Y -
000 H

L]

o | O1Jan1597 | 02Jan 18967
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Example Application

Uncertainty in Design Flood

= A recent study used the
uncertainty analysis option to
bound the reservoir peak
stage estimate given i
uncertainty initial soil L.
moisture and infiltration
parameters.

= The analysis demonstrated | ‘
that reasonable parameter

values were beina used in the =
ng in the

LA ST

\
\

& "

. & . - o o & ..“; o : u"'; f g
design, and were not overly e o T
conservative.
e
~ o
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Future Work on the Classical

Monte Carlo Analysis

= Add the capability for
defining uncertainty
distributions on a zonal
basis.

= Add convergence
criteria for ending the
model simulation.

= Improved results

plotting.

Add capability to

sample parameters

within the

meteorological model.

[

. S, 1

 uncsien “Cutiet” Rty Foe Lincartanty Anshpua “Curant Ans
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Newer Features Available in
HEC-HMS version 4.2

= List of Compute types:  Gompe rests ool Hep

Simulation Run Create Compute ' Simulation Run...
Optimization Trial
Forecast Alternative
Depth-Area Analysis
Uncertainty Analysis R

Optimization Trial...
Simulation Run Manager
R i Forecast Alternative...
Optimization Trial Manager
Forecast Alternative Manager
Depth-Area Analysis Manager

Uncertainty Analysis Manager

Y v ‘v ¥ v
BY B R & &
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Depth-Area Analysis...
Uncertainty Analysis...
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= A Forecast Alternative is a different
type of simulation run designed to help
forecast flow in real-time.

= Selecta zone configuration for the loss
rate, transform, and baseflow

paiaincicis.

= Adjust the parameters in each zone to
improve model performance:
» New parameier value.
» Multiply by a ratio.
» Add or subtract an offset.
= Use observed flow to automatically
replace computed flow up to the time of
forecast.
= Current work is focused on improving
performance (reducing compute time)
and adding support for interactive
calibration.
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Forecast Alternative
et 5 e S ==

Junction "Capella Gage" Results for Alternative "Alternative 1"

q 14,000
i &
& 12,000
: Simuiated
10,0004
8,000+ 1
-~ I
& Observeld
£ 6,000 ’ n
uw
4,000 I {\
2,000+
)
|

0
2%lo7logloalggla Ly Tolglglglglylglgl ]
o

Dec2005 | Jan2006
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Forecast Blending

& Forecast Blending [S0:5:hmsSummer] \ / et | [ Graph tor huncuon Bai i - Sl =
= 1 Junction *BaliMountanDam_OUT* Results for Altgmative *S0.S hmsSummer®
Elements Blending Method Taper aQ 14 T
2 @ K.
BalMountanDam_IN | “ 1.200-] : f{ ’
| —— Stap! & i i
| wh bousint - 4 1,000 ]
[TewnshendDam_IN None: s004 : 1
[TownshendDam_OUT Step. &l | g | 'l
\Glsum Mone, £ oo0q i \
. [ i
o e Hons i
s I l o] | \
[SumyMountainDiam_OUT Step. 1
Keene HNone | : | 5
I t | 2004 I ™
OtterBrookDam _IN HNone - e —
. | = S——
1OtterBrookDam_OUT Step I el RS 55 e
U e 5'n|:Ig[-1|mEn||2||3[u||5[15||1||a[m
i o g fvone
1 Aug2014
[Webb Honsy Legend (Compute Teme: DATA CHANGED, RECOMPUTE)
— — —— For S0 _OUT EXPRED
Apply || Clese | For ouT
o . ——= Forsh Eemert:
o
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* When “Step” is selected, the difference between the observed and computed discharge

at the time of forecast is maintained throughout the remainder of the simulation.

Therefore, if your computed results are 100 cfs below the observed flow at the time of
forecast, then you’re going to maintain a difference of 100 cfs throughout the remainder of

the simulation.

29



New Forecasting Alternative
Capabilities

Automatic calculation of Initial Baseflow

Automatic calculation of Initial Reservoir

Elevations

» Allow for a reservoir elevation reset to the observed

Amtan At bl mbat A v nan
Udlia al uic siait Ui 1

Allow for only partial computes of watersheds

leamniita tn naint)
\MUIIIFHLG LS Pvllll’

Enhance the HEC-HMS plots to show data has
changed and the results are not valid
=

30 BUILDING STRONGg,

+
vicuast

30



(<&~

Initial Baseflow Editor

’F Forecast Initisl Basefiow St Francis]

Basefiow Tore: Upstream =

Subbazra Dmcharge Gage Cobserved | Momm | Maomm Defait Rato | Estmated Vale Fral Value
(cPs) {crs) (crs) (CPS) (crs) (=g
BL501 Frederch tmn 37 [ T 1 37 37
B_pcoz Sam_A_Baker .0 al 10000¢ w 0.5261] 2.1 21
B_BCO1 Sam_i_Baker %0 of 160000, I 64738 %3 %5
B_sro8 eppapedo_ifion 262 of 100000 1] 0.1735 5.3 .2
B0 i fom %7 o oo B ooes 0.5 0.5
B0 Patterson 2400 [ 100000 0 01017 M4 M4
E Sace .0 of 100000, 1] 0.5 "3 6.5
T Miresk a0 al 1o0ca! wl o347 1asl 148
BF1 Rumele 9.5 o 00000 10| 1| 9.5 9.5
| A acoty | [ Reset | [ Cose
= -

The Initial Baseflow editor uses the baseflow zone configuration
to assist in organizing data entry. The current zone is selected in
the upper left corner of the editor. Each subbasin in the zone is

shown on a separate row in the editor.
A list of each subbasin within the selected zone is shown in this
column.

31
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Forecast Reservoir Editor

I st Reses S Fancol | -l j ’
Dscharge bme-seres data handing after forecast tme for all reservors
Metrod: Replace Masng With Last «

Set reservor pool slevaton from cbserved data

Start Tme | Forecast Teme
Reserions Stage Gage Observed | Mewmm | Maumem | Defadt | Estratedvabe Fra Vakoe
m L] m m m L]
Wanpapelo_Lske Wappepelo Lake L3 350, -, 3.7 L3 WL

4 Aoy Reset Close:

= The Forecast Reservoirs editor provides three choices for handling
time-series data from the forecast time to the end time.
=  Replace any missing data after the forecast time with zero
=  Replace the missing data with the last available valid value.
=  Setall discharge values after the forecast time to zero regardiess of
whether they are missing
= The Forecast Reservoirs editor allows you to select a reservoir stage
gage for each reservoir.

r:‘/ak_'_'] = At the Forecast time, the observed stage is used reset the reservoir

‘ }',\f elevation
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Compute and Plot Enhancements

HMS 4.2 [CADD-Ternp Wor\ WMIST\HEC, Worshop\Compute ta Painf\Schution\Upper_5t_Francin\Lipper, 5¢_Francishmi] aol@ B
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Additional Compute Efficiencies

Forecast [St Fr.. | = [-&-
These elements ot b Lo-

= Only the elements that will use results

have changed are from memory __iChange is Made |

recomputed.

» Dates of saved in the Basin |
Mod file are used for this
enhancement

» Resuits are stored in - 4 Only these
memory and are used for "  elements will be
elements that have no (& r,ec@?u,t,eq
changes.

(us ) 38

Additional Compute Efficiencies

***Animated slide***

Step by step of ho an upstream element can be changed and a compute to point
downstream will only recompute the changed element and the dependent elements to the

compute to point element. All of the independent elements that have not changed will use
results from memory.



Overview

Newer Capabilities in HEC-HMS Version 4.2

» Monte Carlo Simulation

» Computational Efficiencies

» Flood Forecasting Tools

Capabilities Under Development for HEC-HMS

Version 4.3 and Beyond
GIS Tools for Subbasin and Stream Delineation
Markov Chain Monte Carlo Optimization/Simulation
Variable Unit Hydrograph and Routing Options
Two-Dimensional Flow and Sediment

vy vYyYvyy

L]
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New GIS Capabilities

HEC-GeoHMS has
been used for 15+ Geospatial Hydrologic Modeling

years

subbasin and reach

deline

parameter information

for an

project

Signifi

in time needed to

HEC-GeoHMS

to develop the  Extension
ations, and

HEC-HMS

cant decrease
User's Manual

develop a hydrologic

model
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New GIS Capabilities

= The GIS analysis capabilities available
from HEC-GeoHMS are undergoing a
major revision.

= Visualization of terrain data with color
and shading.

il

= Automatic delineation of subbasin and '

reach elements directly from the terrain .

using an improved algorithm. e =
= Manual delineation of subbasin and
reach elements.
Creation of the grid cell file for use in
gridded modeling methods.

= Eventually the spatial mapping will be
integrated with subbasin time-series
results and gridded results to produce
colorized animations.

X ,‘_} ’ \,.,.,.-.?,J
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Subbasin delineation tools are being added directly to HEC-HMS

Import a GeoTiff terrain model and HEC-HMS will be able to delineate the
subbasin and reach network.

Identify outlet points and HEC-HMS will subdivide the subbasin and stream
network.

We are relying on TauDEM for automatic DEM processing.



Raster Data
Currently, gridded precipitation and gridded loss
methods can only be applied within the US

New capabilities are being develop for gridded
modeling support using the UTM projection

. .fgﬂ"_ |
-4!7“

-w
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Bayesian Markov Chain Monte Carlo

Powerful new Uncertainty

Analysis option that Markov Chain (MC) directed random walk of the distribution.
combines both model The correlation
calrbratllon and between parameters is
uncertainty. _ - inherent in this

process. Asampleis a
. parameter set, which

are scored based on a

likelihood function.

refines the parameter
uncertainty distributions by
optimizing the model using £ =
observed discharge.

The refined uncertainty

Aiatrilbiitimme ~Anm kb 1mmel i
A" I}

distributions can be used in
subsequent model
simulations, for hypothetical
or historic storms.

). ¢ ==y,
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Run the chain to equilibrium (and this period is often referred to as the sampler burn-in
period) and subsequently sample from its stationary distribution.
For a model of dimension size d (this might be an iterative process)

Specify a population size N — recommendation; N = an integer multiple of d; N=2 or N=2d

Initialize, using Latin Hypercube sampling, the sampling process (and the population), with
Mo initial runs wherein Mo is >= 10d — recommend more if doable

Evolve the population and use the Metropolis jumping rule to accept jump proposals

Use a weight of evidence based approach to assess that the sampler is sampling with stable
frequency (i.e., it is reached equilibrium and hence is sampling from the posterior
distribution)

efficiency curve

guantitative convergence diagnostic — necessary, but not sufficient condition

trace plots

(manual user intervention — to support this)

Once “converged”, save a thinned history of the monitoring period draws and use them for
inference
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Russian River MCMC Test Case

L]

e

The Russian River Forecast-Informed Reservoir
Operations (FIRO) hydrology model was available
for reuse as a test case of the Markov Chain Monte
Carlo implementation in HEC-HMS.

The event model examined the storm from 25 Dec
1996 to 2 Jan 1997.

The continuous model examined the period from 1
Oct 2003 to 30 Sep 2004.

The event and the continuous simuiations cover time
periods that are "typical" for this watershed.
We focused on the area above Capella because

thara ia Aanad_~iialiby akheariad flaa: and it is
HITIS 1o YUuuu-jJudiily UoTI veu iUy aiiu it 1o

upstream of reservoirs that modify the flow regime.

L]
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Russian River MCMC Test Case
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The figures on this slide show computed and observed flow at the end of the MCMC
simulation. The “best” parameter set has been selected. The 20,000+ model simulations,
across multiple chains, were required to reach the optimal parameters.



HFt TIME OF CONCENTRATION

HR GW-1 ROUTING COEFFICIENT (1)

Russian River MCMC Test Case

T T T
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Russian River MCMC Test Case

— Frequency

= Cumulat ive

8,000
8,000
7,000
£,000
5,000
4,000
3,000 n
2,000 [N
e — A SE

o

Flow (cfs)

05
0.4
034
02
0.1
0o

Praecig {in)

= | 1 7 l
Dec1996
CAPELLA GAGE OPT MARKOY 3 FLOW-OBSERVED
—— EF RUSSIAN 20 OFT MARFOY 3 PRECI.0NC

The figures show the distribution of peak flow from the MCMC simulation.
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Russian River MCMC Test Case

(continuous simulation)

10

9,000+

8,000

6,000

5,000

Flow {cfs)

4,000

IN MAXIMUM DEFICIT

ST
| 4 T T T T T
0 10,000 20,000 30,000 40,000 50,000 60,000

INDEX
3,000 | -
2,000
1,000
Y g,

T T T T T T T
Moy Jan Mar May Jul Sep Nov
| 2004

L]

49 BUILDING STRONGg,

49



Uncertainty in Boundary Conditions

= Within HEC-HMS, boundary
conditions stay the same from one
sample to the next.

= HEC-WAT can be used to sample
the event date, flow/precipitation
magnitude, and time pattern.

= Subbasin hyetographs or flow
hydrographs are scaled to reproduce
the sampled storm depth before
being passed to HEC-HMS.
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Unit Hydrograph Theory

» Originally proposed by L. K.

Sherman in 1932 | 2
I e L T JIN & ]
= WWIJSL Uiy Illy uo Hnicui f ."\ 3l = =
to transform excess I; Ny /'.‘_y,,-/
precipitation to runoff at given 1 - k‘i
locations ot N
rlrl t t fhna
1 I
= Recommended for use across L T e
the worid : : : -
TIOUGHNIOGA RIVER AT ITASKA N.Y
DA=735 SQ M!

= |t's not going away...
* =9
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* Unit hydrograph theory is the most commonly employed method within dam
safety studies to transform excess precipitation to runoff at given locations in a
dimensionless manner. In fact it’'s recommended for use throughout the world in
dam safety studies.

* According to Sherman, 1932, who originally proposed the unit hydrograph
concept, the unit hydrograph of a watershed is “...the basin outflow resulting from
one unit of direct runoff generated uniformly over the drainage area at a uniform
rainfall rate during a specified period of rainfall duration.” This implies that the
response of 2 inches of runoff over a given time is 2 times the response of 1 inches
of runoff over the same amount of time.

* Unit hydrograph theory is still the state of the practice when it comes to
hydrologic modeling. Take for instance analyses investigated parameter and
modeling uncertainty: these often require many thousands of iterations that cannot
be reasonably executed using more complicated runoff routing techniques. These
analyses almost always are performed using unit hydrograph theory.
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Unit Hydrograph Theory

Limitations
Varying Unit Hydrographs
Derived for Small Basin
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* However, due to differences hydraulic reactions between large and small
precipitation events, the corresponding unit hydrographs have not been found to be
equal, as implied by unit hydrograph theory.

* Minshall was one of the first people to explore the different runoff hydrographs
that result from differing intensities of precipitation. The graph shown here is from
his classic report in 1960. He showed that as precipitation intensity increases,
runoff tends to peak sooner in time and has greater peak flow rates. This is due to
greater depths in the stream channels and overland planes; as water depth
increases, effective roughness decreases leading to shorter travel times, etc.
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Unit Hydrograph Theory
Limitations

= Aug 2011 Event
= Site-Specific PMP

|
|

Factor
of Eight!

0 ,
12:00 00:00 12:00 00:00 12:0
K

(D) 53 BUILDING STRONG,,

2.5

2.0

Excess Precipitation (in)

* The amount of precipitation excess contained within the most intense
precipitation event of recent history in the Ball Mountain Dam watershed absolutely
PALES in comparison to the Probable Maximum Precipitation.

* Using calibrated unit hydrograph transform parameters from the Aug 2011 event
(and really any other event that has available data) can lead to errors when trying to
route excess precipitation on the order of 4 inches/hour.
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Modeling Approaches
T R -ecas 2o ]
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o
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* An HEC-HMS and HEC-RAS model were created for the area upstream of Ball Mountain
Dam. Both models used the same modeling domain extents and were calibrated using
the largest inflow events to Ball Mountain Dam.
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Normalized One-Hour StormE
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The effect of precipitation intensity on runoff timing and magnitude were evaluated
using the previously mentioned HEC-RAS 2D model. Unit hydrograph theory assumes
that the hydrograph ordinates of a 2 inch runoff event are two times larger thana 1
inch runoff event. This assumption of linearity can be evaluated using hydrodynamic
models which include the physical processes that govern how water flows over the land
surface.

To demonstrate the non-linear effects of increasingly large rainfall excess values, two,
three, four, five, six, seven, and eight inches of excess precipitation were input to the
HEC-RAS 2D model over a unit duration (i.e. 1-hr). The overland roughness parameters
from the Aug 2011 and Unit Hydrograph simulations were compiled using weighted
averages to create a parameter dataset for use in these simulations. The resulting
hydrographs were then extracted at the “outlet” cell faces just upstream of the Ball
Mountain Dam reservoir. Each ordinate of the hydrographs was then divided by the
input excess precipitation amount to “normalize” the runoff response.
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Peaking Factors

Simulation Peak Flow Time to Peak Vol_ume

(cfs) (hrs) (in)

HEC-RAS 1 hr UH 13553 4.8 1.0
HEC-RAS 2in_1hr/ 2 15,245 4.0 1.0
HEC-RAS 3in_1hr/ 3 20,522 3.2 1.0
HEC-RAS 4in_1hr/ 4 24,636 2.8 1.0
HEC-RAS 5in_1hr/ 5 28,728 2.5 1.0
HEC-RAS 6in_1hr/ 6 34,055 2.3 1.0
HEC-RAS 7in_1hr/ 7 36,338 2.2 1.0
HEC-RAS 8in_1hr/ 8 38,879 1.8 1.0

linchec / hour)
vinchec J hour H

Unit Hydrograph Peaking Factor for Excess Precipitation Rate

1 2 3 a4 5 6 7 8
1.0 | 112 | 151 | 1.82 | 212 | 251 | 2.68 | 2.87
(D) 56 BUILDING STRONG,,

* |f one were solely interested in predicting the peak flow rate of the PMF, it may be useful
to compare the peak flow rates of the unit hydrographs and the normalized storm
hydrographs estimated using the HEC-RAS 2D model. For instance, dividing the peak
flow rate of the 2 inch/hour normalized storm by the HEC-RAS 1-hour unit hydrograph
peak flow rate results in a ratio of 1.12. Similarly, dividing the peak flow rate of the 5
inch/hour normalized storm by the 1-hour unit hydrograph peak flow rate results in a

ratio of 2.12.

* This table demonstrates that increasingly large unit hydrograph peaking factors are

needed to achieve the same peak flow rate as the normalized storm depth (i.e.

precipitation excess rate) increases. However, using excessively large unit hydrograph
peaking factors may result in hydrologic modeling parameters that are physically

unrealistic.
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Variable UH Approach

Paxcess (in/hr) | Tc (hr) | R (hr)

0 53 | 55
0.5 5.1 55
1.0 5.0 53
2.0 4.1 5.0
3.0 34 | 35
4.0 30 | 28
5.0 2.7 2.3
6.0 25 1.8
7.0 2.5 1.6
8.0 23 | 1.5

Use information from
observed data or 2D
models to develop
relationships between
Excess Precipitation
Intensity and Unit
Hydrograph Parameters

Flow Rate (ft*/s)

130000
120000

110000 -
100000
90000 -
80000

70000

60000
50000 -

40000

30000
20000 -

10000

0-

. Excess
Precipitation
—t=37hrs

—1=38 hrs

O 0 NS W B W N O

Excess Precipitation (in fhr)

Elapsed Time (hr)

=
o

+ 11

57 BUILDING STRONGg,

57



Hypothetical Storms

*The PMP Precipitation method
implements the HMR-52 storm
pattern as a hyetograph for each
subbasin.

*The user enters the coordinates
for the storm centroid, rotation
angle, and period of peak intensity.
*Subbasin outline coordinates are
retrieved from an ESRI shape file.
*The storm patternis intersected
with the subbasin outlines and
area-weighted average

i : . iy Het Bame: Met 1
precipitation is computed for each  Cosedrate:
H *Y Coordinate:
subbasin. i ) ik “Preferred Orentaton [DEG)
*A PMP Maximization simulation is “orentaton (beg)

in development that will optimize

runoff statistics:
*Peak pool elevation.

"1 10 6 Rabo:
“aces P12
Area MIZ) |

“Pesk Intermty: Hours 36 to 42 -

DuratonPrecn

*Peak discharge rate.
*Discharge volume.
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Sediment Modeling in HEC-HMS

CHAPTER 8

Surface erosion and sediment routing
studies

This chapler describes how Io simuisle walershed erosion and route sediment with
HEC-HMS HEC-HMS ercsion and sedement iransport model results can be a
VaLADAE (ESOLICE IN WAlETSNed MAnagement SiLgss.

Background

Goals of erosion and sediment control

Modeling Surface Soil Erosion and Sediment
Transport Processes in the Upper North
Bosque River Watershed, Texas

Jang Hyuk Pak’': Matthew Flemina, Aff.M.ASCE?; William Scharffenberg®:
Stanford Gibson*; and Thomas Brauer®

Abstract: A sediment transpont module added 1o the Hydrologic Engineering Center's Hydrologic Modeling System (HEC-HMS) Version
4.0 computes surface erosion, reach routing, and reservoir trap efficiency. The HEC-HMS sediment transpont module was applied 1o the
Upper North Bosque River Watershed (UNBRW) in central Texas, a well-instrumented watershed with good parametenzation and calibration
nd dairy waste application fields. Simulation results

re locations, The HEC-HMS results matched observed

¥ data, to test model robustness. The UNBRW is 98% rural including rangeland. fo

were compared to observed average daily total suspended solid (TSS) data at five
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HEC-HMS 2D Sediment Transport

S —

= 2D sediment transport in HEC- =
HMS

» Sediment management is important
to the Corps

» Existing subbasin and1D sediment
transport capabilities in HEC-HMS

» HEC-RAS 2D Diffusion Wave
Equation (DWE) solver with subgrid &
bathymetry utilized for flow
calculations

» Opportunity to add 2D subgrid flow
and surface erosion to HMS

60 BUILDING STRONGg,




Subgrid Modeling

» Representation of the physical terrain and processes at
a subgrid scale
= Allows for larger grid cells reducing computational cells,

and computational times
Rain

ety 0.0 0 '8 =D Computational Cell
/\_/\ T
P> T

)
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Sediment Transport

» Governing Equations
» Total-load advection-diffusion equation
» Bed change, sorting, and layering equations
= Numerical Methods
» Implicit Finite Volume
» Several bounded high-order advection schemes

= Key Features
» Sheet and splash erosion

» Non-equilibrium transport
» Subgrid representation of bed sorting, layering, bed

frarmma hidima and avimAasiira arasisas ratas abes
o, lllulllu alnu GAPUDUIU CiIUoivi 1AlTo, Clu.
» Mixed cohesive and noncohesive sediments !
. i i ! — Concentration
» Particle-particle interactions - Current velocity
. . =] — Suspended-load
e "~ Avalanching, non-erodible surfaces, etc. 5 Bed-load
>
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Pilot Study: Lucky H|IIs Study Site

» USDA Walnut Guich
Experlmental Watershed
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Additional New Capabilities

= Variable Lag and K routing method

= Additional new routing methods that include cross
sections and diffusion wave routing

» Update to the computation code to solive for all space for
each time step — improve memory management and
help set up additional capabilities

= Reservoir routing for downstream locations
= Energy balance snowmelt and frozen ground modeling

= Green and Ampt infiltration with moisture re-distribution
for continuous simulation

(D) 64 BUILDING STRONG,,
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HEC-HMS

Software And Documentation
Afﬂ A\Jﬂ:lﬂl\lﬁ El‘ﬁh ﬂ'F r‘hﬂfﬂﬂ
MIC Avaliawic 1 15T Ul UIIGIHU
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